niques in fixed tissue sections, however. For example, certain other materials besides nucleic acids fluoresce with acridine orange in cartilage, elastic tissue, and mast cells and with certain acid mucopolysaccharides. More important objections have been a lack of uniformity and reproducibility of fluorescence as well as rapid fading and "unpredictable" color reversals of fluorescence, so that the same tissue areas alternately might fluoresce red or green. Controversial and paradoxical results such as these in tissues and cells treated with acridine orange unquestionably were due to failures by investigators to become familiar with the physicochemical properties of acridine orange and to standardize the technique adequately.
Under proper conditions acridine orange binds nucleic acids to give specific polychromatic fluorescence-green with DNA and red with RNAand is a stable, reproducible, and extremely sensitive technique. This has been established by a large series of investigations on acridine orange following the work of Strugger' who introduced its use in 1940. These studies have been thoroughly reviewed by Pearse2 and more recently by von Bertalanffy.' In 1949, red fluorescent intracellular inclusions were described by Goessner' in cells treated with acridine orange which disappeared after incubation with ribonuclease. De Bruyn,5 in 1953, demonstrated the affinity of diaminoacridine dyes for nucleic acids, while Armstrong,' in 1956 , and Schummelfeder and co-workers,' in 1957, defined many of the physicochemical properties of acridine orange. However, the studies of von Bertalanffy 8' and Bertalanffy9 were responsible for the popularity of acridine orange for localizing nucleic acids in cancer cell smears. Their methods, however, do not give good results with fixed tissue sections because of fading and inadequate intracellular detail. In 1962, Gluck and Kulovich" reported further stabilization and a modification of the techniques of von Bertalanffy' and Bertalanffy' for tissue sections which gives excellent intracellular resolution and shows no significant loss of fluorescence even after prolonged exposure to direct sunlight.
METHODS
Studies on the chick embryo and hen reported here were made on a pure strain of chicken, the sex-linked Hallcross (Hall Brothers Hatcheries, Wallingford, Connecticut).
Tissues to be examined are fixed in Carnoy's solution at 40 C. for Examination of tissue sections after pepsin digestion was not completely satisfactory due to the low tissue pH necessary for pepsin action, but DNA and RNA fluorescence did not appear to be affected.
Probably the best test of specificity was the use of ribonuclease controls, and every section examined and presented in this report had a companion comparison section, incubated with ribonuclease, with disappearance of RNA fluorescence. This method virtually eliminates the possibility of artifact or false interpretation due to other substances which might bind acridine orange and give false RNA fluorescence.
MICROSCOPY
Observations were made with a Leitz Ortholux microscope with apochromatic objectives. Light from a 200-watt high-pressure mercury lamp was passed through a blue BG-12 (Schott) filter which transmits light of 4150 A wavelength and the fluorescence observed through a 2 mm. OG-1 (Schott) suppression filter (5460 A) mounted in the barrel of the microscope.
The best microscopic resolution of fluorescent tissues is obtainable with objectives of highest numerical aperature, since, generally, numerical aperature X 1000 represents the effective maximum magnification achievable. Also necessary for maximum resolution are tissue sections cut no thicker than 3-4 microns, as mentioned; uniform cover glasses of 00 thickness; and a correction collar on the high dry objectives to allow compensation for cover slips. Fluorescent antibody techniques and others which employ short-wave ultraviolet light require a darkfield condenser to limit background fluorescence for highest contrast. With longer-wave ultraviolet light employed for acridine-orange fluorescence, a darkfield condenser is not necessary and, indeed, probably is undesirable. Excellent resolution and very high fluorescent intensities are obtained with a Berek condenser.
PHOTOMICROGRAPHY
The photomicrography of fluorescence has peculiar difficulties due in particular to the omnidirectional fluorescent light waves, which are unlike the straight beam of visible light. This means that both focus and resolution of fluorescing tissue are somewhat less good than with ordinary visible light. Most photomicrographs of fluorescing tissues are not sharply in focus, largely due to attempts to focus the omnidirectional fluorescence on a diffusing grid which even further diffuses an already diffuse image. Instead, a completely clear right angle glass prism with central cross hairs is used which allows precise focus. This is directly opposite to photomicrography with tungsten light where focusing is best done on a diffusing grid. A singlelens reflex Exacta camera fitted with the clear glass prism is used to take all photomicrographs. The film used is 35-mm. high speed tungsten-light balanced Ektachrome (EHB). For fluorescent photomicrography, exposures may require from 3 to 30 seconds, depending on magnification and light source. It is essential for such long exposures that a vibration-free mounting be provided for microscope and camera to prevent blurring of the photographic image.
HISTOCHEMICAL SECTIONS
The accompanying fluorescent photomicrographs all are at magnifications of 70OX unless otherwise specified. They are variously oriented and in some tissues shown at different magnifications to present various important facets of the developing tissues and organs in as few illustrations as possible.
RNA in tissues is identified as reddish or red-orange fluorescence while DNA fluoresces bright green or yellowish green. A low-level non-specific greenish fluorescence of many proteins is also seen, such as in adult muscle and in the intercellular fiber matrix of cerebral cortex, but is readily distinguishable from DNA fluorescence. Tissues extracted of their nucleic acids with hot TCA or PCA do not lose this dark minimal fluorescence.
Every section of tissue shown on the following pages was evaluated for its RNA fluorescence by comparison with a companion section of tissue from the same area but which had been pre-treated by incubation with ribonuclease. In the following paragraphs are considered many of the changes that occur in tissues and organs during embryonic development using the changes seen in RNA in tissues as a marker. There are some general changes in all tissues in nuclei and cells that are seen. Nuclei are much larger and less dense early in embryonic development and become more compact as development progresses. Earlier nuclei also contain one or several prominent nucleoli which are less prominent or not seen in mature stages except in those cells that continue to show a high RNA fluorescence. Early undifferentiated cells of the embryo, particularly mesenchymal cells, are smaller and significantly more "loose" in cytoplasmic structure than are differentiated cells.
In Figure 2 -B (700X) at 8 days as well as undifferentiated small mesenchymal cells clustered about the maturing muscle cells. The distribution of RNA fluorescence in the forming muscle 3U3 fibers at day 8, Figure 2 -B, appears to become more concentrated in the peripheral sarcolemma of the cell. This peripheral distribution is accentuated as protein synthesis increases and myofibrils form in the center of the cell. At day 13, Figures 2-C and 2-D, this becomes particularly well marked. The longitudinal section, 2-C, at 700X, shows localization of RNA in the sarcolemma, and the completeness of this localization is shown dramatically in cross section, Figure 2 -D at 1200X, where the RNA extends around the cell boundary like a signet ring from the nucleus, the protein myofibrils being synthesized in the centers of these cells, much like long rods. By 18 days of development, Figure 2 -E, there is considerably less RNA fluorescence to be seen, and the RNA remains peripherally in association with the nuclei, the cells at this point being quite large. In the newborn and adult, Figures 2-F and 2 -G, the lower concentrations of RNA are apparent, especially the very low concentration in adult muscle. In both of these, however, the RNA remain peripherally in association with nuclei, where the remnants of the active sarcolemma remain.
Heart
Cardiac muscle resembles skeletal muscle only in a general way during development. Nuclei in cardiac muscle are centrally located and not peripheral, although cardiac muscle also has a peripheral sarcolemma. Protein synthesis is carried on fairly uniformly throughout the cell and not specifically in the unique "central cylinder" fashion of skeletal muscle. RNA fluorescence which is specifically localized in the peripheral sarcolemma in skeletal muscle, is more uniformly distributed throughout the cell in cardiac muscle.
Gut
There is a progressive decrease in RNA fluorescence in the smooth muscle layers of gut wall with development while the mucosa retains a high RNA fluorescence throughout life. Virtually all mucosal cells in the various organs studied are similar. Figure 4 -A, from 6-day embryo, shows a well defined mucosal layer. The submucosa and muscularis layers are forming and are not clearly distinct. Figure 4 -B shows the easily identifiable muscularis of the 15-day embryo. Figure 4 -C, from newborn, shows decreased RNA fluorescence in the muscularis layers except in the myenteric plexus 3U rolume 36, Apwil, 1964 neurons but high RNA fluorescence in mucosa. Adult gut, Figure 4 -D, has a high RNA fluorescence in the neuronal cells of the myenteric plexus and a high RNA fluorescence in the mucosa, but the muscular coats contain extremely little detectable RNA fluorescence. The gut as a total tissue, quantitatively, has relatively high levels of total RNA in the adult, due to its large mucosal component that contains a high concentration of RNA.
Brain
Although RNA levels in total brain quantitatively are not excessively high, individual neurons (as measured in cell layers of brain) contain very high levels throughout the life of the organism. This is seen histochemically in Figure 5 -E, in the adult neuron shown at 1200X and in other neurons of the newborn, 
Liver
Quantitatively, liver has high levels of RNA during embryonic life which drop less during development than in any other tissue studied. In the adult liver the concentration of RNA is higher than in any adult tissue. During embryonic life the liver cells become more compact, as shown in the sequence of sections. Figures 7-A, 7 -B, and 7-C show 6, 8, and 15-day liver respectively, with a progression of increasingly better organized liver cords, more prominent sinusoids, and more compact cells. In the newborn liver, Figure  7D , the large intracellular glycogen stores are seen as widespread vacuolization of liver cells. The adult liver, Figure 7 -E, has extensive sinusoids and more connective tissue but the liver cells have relatively high concentrations of RNA. All sections shown are at 700X. A fluorescent dye (acridine orange) technique modified for localizing nucleic acids in tissue sections is described. The histochemical changes (primarily of RNA) in seven organs of the embryo-heart, liver, lung, kidney, skeletal muscle, brain, gut-were followed through development.
Lung
During development of any organ or tissue diversification is seen in types of cells, in sizes of cells, and in the proportions of various cell types. When RNA is used as a histochemical marker, further heterogeneity in developing organs and tissues is seen in the variations in intracellular localization of RNA among different cells and in differences among tissues in both localization of RNA and in amounts of RNA fluorescence. Thus, for example, all of the RNA fluorescence in skeletal muscle is concentrated in the sarcolemma, while in liver parenchymal cells there is RNA fluorescence uniformly throughout the cell. Brain has large amounts of RNA intracellularly in neurons, while in maturing gut and lung, the RNA fluorescence is localized principally in the mucosal tissues. In kidney there is significant RNA localization with development in the tubular cells. Heart muscle is an example of a tissue that on maturity has extremely little RNA fluorescence.
